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ABSTRACT: Rearing leafhopper (Hemiptera: Cicadellidae) vectors free of Xylella fastidiosa is a requirement
for studies of various aspects of vector-pathogen interactions. The selection of a plant that allows vector
development but not bacterial multiplication is desirable to produce healthy vectors. In this study, two
leafhopper hosts, Vernonia condensata (‘boldo’) and Aloysia virgata (‘lixeira’) were needle inoculated with
citrus and coffee strains of X. fastidiosa to evaluate if these plants support pathogen colonization. The inoculated
plants did not present symptoms and the pathogen was not detected by culture and PCR tests, neither soon
after inoculation (7-14 days) nor later, at 1, 4, 6 and 12 months after inoculation. To obtain healthy adults of
the leafhopper vectors Acrogonia citrina, Bucephalogonia xanthophis, Dilobopterus costalimai, Homalodisca
ignorata and Oncometopia facialis, early-instar nymphs were reared on V. condensata. X. fastidiosa was not
detected in any of 175 adults obtained. V. condensata and A. virgata are nonpropagative hosts of X. fastidiosa
and enable the production of healthy leafhoppers for vector studies.
Key words: Vernonia condensata, citrus variegated chlorosis, coffee leaf scorch, sharpshooter vectors, rearing
technique
IDENTIFICAÇÃO DE UMA PLANTA NÃO-HOSPEDEIRA DE Xylella
fastidiosa PARA CRIAÇÃO DE INSETOS VETORES SADIOS
RESUMO: A obtenção de cigarrinhas (Hemiptera: Cicadellidae) livres de Xylella fastidiosa é importante
para estudos de interação entre essa bactéria e seus vetores, sendo desejável a seleção de uma planta que
permita a criação desses insetos, mas não a multiplicação da bactéria. Neste estudo, duas plantas hospedeiras
de cigarrinhas, Vernonia condensata (boldo) e Aloysia virgata (lixeira), foram inoculadas por agulha com as
estirpes de citros e de cafeeiro de X. fastidiosa, para avaliar a possibilidade deste patógeno colonizá-las. Não
foram observados sintomas, nem se detectou a bactéria por isolamento em meio de cultura e/ou PCR em
períodos curtos (7 e 14 dias) ou longos (1, 4, 6 e 12 meses) após a inoculação. Para obtenção de adultos sadios
das cigarrinhas vetoras, Acrogonia citrina, Bucephalogonia xanthophis, Dilobopterus costalimai, Homalodisca
ignorata e Oncometopia facialis, ninfas de primeiros ínstares foram criadas em plantas de boldo. Não foi
detectada X. fastidiosa em nenhum de 175 adultos obtidos da criação. V. condensata e A. virgata não permitem
a colonização de X. fastidiosa, possibilitando assim a obtenção de cigarrinhas sadias para estudos com vetores.
Palavras-chave: Vernonia condensata, clorose variegada dos citros, requeima do cafeeiro, vetores, técnica de
criação
INTRODUCTION
One of the limiting factors to the study of many
vector-pathogen interactions is the development of an ef-
ficient rearing system to obtain pathogen-free insects. In
certain cases, vectors are difficult to be reared in large
number in the laboratory, and most candidate host-plants
are also hosts of the pathogen of interest. Diseases caused
by the xylem-limited bacterium Xylella fastidiosa Wells
et al. fall within this category: vectors are difficult to be
reared and the bacterium colonizes most of the hosts in
which it is inoculated (Hill & Purcell, 1995; Freitag,
1951).
X. fastidiosa is transmitted to plants by the leaf-
hopper (Hemiptera: Cicadellidae) vectors of the subfam-
ily Cicadellinae, known as sharpshooters, and causes dis-
eases in  many crops of economic importance in North
America, such as grape, almond, peach and others
(Hopkins & Purcell, 2002). In South America, the bacte-
rium causes diseases of citrus, coffee and plum (French
& Kitajima, 1978; Rossetti et al., 1990; Paradela Filho
et al., 1995). Citrus and coffee X. fastidiosa strains are
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phylogenetically very similar to each other and distant
from all other X. fastidiosa groups (Mehta & Rosato,
2001), and citrus strains cause disease in coffee (Li et al.,
2001). It is not known if coffee strains cause disease in
citrus. In the nature, X. fastidiosa also infects a wide range
of plants without symptoms (Freitag, 1951; Hopkins &
Adlerz, 1988). These plants could be alternative hosts for
the multiplication of vectors, and/or serve as sources of
X. fastidiosa inoculum.
Studies on the Pierce’s disease of the grapevine
(PD) strain of X. fastidiosa have demonstrated that the
bacterium is foregut-borne (non-circulative) in the vec-
tors (Purcell & Finlay, 1979). Bacterial cells acquired
from infected plants were observed to be polarly attached
to the foregut, particularly in the cibarium (suction pump),
precibarium, and anterior portion of the esophagous
(Purcell et al., 1979; Brlansky et al., 1983). The patho-
gen multiplied in the vector (Hill & Purcell, 1995), and
sharpshooter adults retained infectivity for life (Severin,
1949; Hill & Purcell, 1995). However, infective nymphs
lose infectivity after molting, suggesting that transmis-
sible bacterial cells are limited to the vector’s foregut
(Purcell & Finlay, 1979).
Protocols to rear sharpshooters for multiple gen-
erations in the laboratory have not been developed and a
good strategy to obtain healthy insects for transmission
experiments would be to select a host plant that supports
nymphal development, but not the multiplication of X.
fastidiosa. Vernonia condensata Baker (Asteraceae) and
Aloysia virgata (Ruiz & Pavan) Juss (Verbenaceae) were
found to frequently harbor large numbers of leafhopper
sharpshooters and other xylem feeding insects (Almeida,
1999; Giustolin et al., 2002), including species identified
as X. fastidiosa vectors to citrus (Roberto et al., 1996;
Krügner et al., 2000). Previous work has shown that V.
condensata (‘boldo’ or ‘alumã’) supported the develop-
ment of sharpshooter nymphs (Almeida, 1999; Milanez
et al., 2001). These two plant species were chosen as test
plants and evaluated regarding the ability of two X.
fastidiosa strains (citrus and coffee) to infect, multiply
and survive in V. condensata and A. virgata. A report on
the development of a sharpshooter rearing technique that
uses these plants to produce non-infective vectors for
transmission studies of X. fastidiosa is also presented.
MATERIAL  AND METHODS
Evaluation of V. condensata and A. virgata as hosts of
X. fastidiosa
Two X. fastidiosa strains, CCT 6570 and CCT
6756 (both deposited at Coleção de Culturas Tropical,
Fundação André Tosello, Campinas, SP), which cause cit-
rus variegated chlorosis (CVC) and coffee leaf scorch
(CLS), respectively, were used for inoculation of the two
plant species. Cultures of each strain were obtained after
two passages on solid periwinkle wilt gelrite (PWG) me-
dium (Hill & Purcell, 1995) from purified inoculum pre-
served at -80°C. Bacterial colonies were scrapped from
PWG with  platinum loop and homogenized in phosphate
buffer saline (PBS) until the resulting suspension became
turbid. Concentrations of viable bacteria in the suspen-
sions, as determined by dilution plating, were 1.1 x 107
colony forming units (CFU) mL-1 and 2.5 x 108 CFU mL-1
for the citrus and coffee strains, respectively. Twenty pot-
ted plants of V. condensata and five of A. virgata, ob-
tained from healthy propagative material or seeds, were
needle-inoculated with each strain. Ten seedlings of Cit-
rus sinensis (L.) Osbeck (var. Caipira) and 15 of Coffea
arabica L. (cv. Mundo Novo) were inoculated simulta-
neously with the citrus and coffee strains, respectively,
and served as positive controls. Test plants were inocu-
lated in three different points of the stem; each point re-
ceived 5 µL of suspension, which was placed on the stem
surface and pin-pricked five times with a No. 0 entomo-
logical pin. Negative controls consisted of five to ten
plants of each species  inoculated  with PBS. At 1, 4, 6
and 12 months after inoculation, leaves located immedi-
ately above the inoculation points were sampled and
tested by culturing (primary isolation) and/or polymerase
chain reaction (PCR) for the presence of X. fastidiosa.
A second experiment was set to evaluate the
short-term survival of X. fastidiosa cells in V. condensata.
Thirty test plants of V. condensata and 10 plants of C.
sinensis (positive control) were needle-inoculated (one
point per plant) with 5 µL of a 8.8 x 108 CFU mL-1 sus-
pension of the citrus strain. Ten plants of V. condensata
and 5 of citrus were inoculated only with PBS (negative
controls). At seven and 14 days after needle inoculation,
samples of the leaf petiole and stem located 1 cm above
the inoculated point were taken from each test plant, and
submitted to primary isolation for detection of viable X.
fastidiosa cells. Half of the plants were tested per period.
Primary isolation of X. fastidiosa
Bacteria were isolated from plants using the
method of Hill & Purcell (1995) and adapted to citrus by
Almeida et al. (2001). The petiole and part of the mid-
vein of sampled leaves were cut from the leaf, weighed,
surface sterilized, chopped, and transferred to glass tubes
(16 mm in diameter) containing 2 mL of PBS. Samples
were homogenized at 20,000 rpm in a tissue grinder and
the resulting suspension was diluted 10-fold in a laminar
flow chamber and plated on PWG. The plates were in-
cubated at 28°C and the number of colony forming units
(CFU) were counted after 14 days. Bacterial concentra-
tion in the plants (CFU g-1 of tissue) was estimated based
on the initial weight of the samples, and the number of
CFU counted in the dilution used. Colonies of both strains
were routinely tested by PCR to certify that they were X.
fastidiosa.
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The primary isolation procedure described, which
involves maceration of the plant tissue, may release plant
inhibitors that limit the growth of X. fastidiosa on the cul-
ture media (Purcell & Saunders, 1999). To investigate a
possible in vitro inhibition of X. fastidiosa, homogenized
tissues of V. condensata and A. virgata were prepared in
glass tubes with 2 mL of a suspension of ≈106 CFU mL-1
of the citrus X. fastidiosa strain (CCT 6570). Four treat-
ments were prepared: (A) 0.05 g of surface-sterilized
healthy leaf midvein and petiole of V. condensata; (B)
0.05 g of surface-sterilized healthy leaf midvein and peti-
ole of A. virgata; (C) and (D) the cell suspension only.
Treatments A, B and C were homogenized at 20,000 rpm
as described, whereas D was a non-homogenized control.
Suspensions were diluted to 10 and 100 fold after pro-
cessing and plated on solid PWG medium and CFU were
counted 14 d later. The treatments were replicated six
times; each tube was a replicate. Data were submitted to
ANOVA and Tukey Test (P ≤ 0.05).
PCR detection of X. fastidiosa in plants
DNA extraction from plant samples was carried
out as described by Minsavage et al. (1994), except that
higher dilution of the extract (1:100) and higher concen-
tration of ascorbic acid (0.1 mol L-1) (Pinto & Leite Jr.,
1999). PCR was carried out by using the primers RST31
and RST33 that amplify a 733-bp DNA fragment of sev-
eral strains of X. fastidiosa (Minsavage et al., 1994), and
CVC1/272-2-int for specific amplification of a 500-bp
product of the citrus (Pooler & Hartung, 1995) and cof-
fee (Coletta Filho & Machado, 2001) strains of the bac-
terium. The two primer pairs were used in the same re-
action (multiplex PCR). Amplification was carried out
under the conditions reported by Minsavage et al. (1994).
After amplification, 2 µL of dye (0.25% bromophenol
blue; 40% sucrose) were added to each sample and the
PCR products were separated by 1.5% agarose gel
eletrophoresis in buffer TBE (89 mM Tris; 89 mM boric
acid; 2 mM EDTA, pH 8.0) with ethidium bromide
(0.5 µg mL-1). DNA fragments were visualized under UV
light and documented in the Eagle Eye II system
(Stratagene, La Jolla, CA 92037, EUA).
Rearing technique
To obtain sharpshooter eggs, field-collected
adults were confined for oviposition (7-14 days) on
healthy V. condensata or C. sinensis (X. fastidiosa-free,
certified nursery trees). V. condensata was used as ovi-
position and development host for the sharpshooter
Bucephalogonia xanthophis (Berg), whereas C. sinensis
was the oviposition host for Acrogonia citrina Marucci
& Cavichioli, Dilobopterus costalimai Young,
Homalodisca ignorata Melichar, and Oncometopia
facialis (Signoret). During oviposition, the insects were
confined on the plants inside rearing cages (32 × 32 ×
50 cm) or cloth (dacron-organdy) bags in the greenhouse.
Plants of V. condensata containing eggs of B. xanthophis
were transferred directly to larger rearing cages (50 × 60
× 70 cm) for nymphal development.
When citrus was used as oviposition host, egg-
bearing leaves were detached from the plants and placed
inside Petri dishes. Citrus petioles were covered with
moistened cotton to keep leaves turgid. The Petri dishes
were kept in an incubator at 25 ± 2oC and checked every
morning (9h00-12h00) for eclosion of nymphs. Soon af-
ter eclosion, first-instar nymphs were transferred by plas-
tic vials to healthy plants of V. condensata, inside the
larger rearing cage (50 × 60 × 70 cm). Nymphs of B.
xanthophis were allowed to develop up to the adult stage
on V. condensata, which proved to be a good feeding and
developmental host for this particular species. For the
other sharpshooter species, healthy nursery trees of C.
sinensis grafted on Citrus limonia Osbeck (rangpur lime)
were latter added to the cage for development of 3rd- to
5th-instar nymphs and adult emergence.
PCR detection of X. fastidiosa in the insects
X. fastidiosa transmission by vectors from citrus
to citrus is inefficient (1.0 to 12.0% per O. facialis and
B. xanthophis, respectively) (Krügner et al., 2000), and
transmission  experiments take a long time to complete
(incubation period of approximately 6 months) (Lopes et
al., 1996). To determine if any of the insects had X.
fastidiosa, independently of their ability to transmit the
bacterium, they were tested using a PCR-based diagnos-
tic method.
Samples of sharpshooter adults of the various spe-
cies obtained from the rearing system were tested. Be-
cause of the relatively low population of X. fastidiosa
cells in vector heads (Hill & Purcell, 1995) and the pos-
sible presence of PCR inhibitors in the insect vectors, a
special technique that includes chelating agents (Ciapina
& Lemos, 2001) was used to extract DNA from sharp-
shooters. A nested-PCR assay was used to detect X.
fastidiosa in the samples. External primers 272-1 and 272-
2 were used in a first reaction to amplify a DNA frag-
ment of 700 bp, which was then used as a template for a
second reaction (nested-PCR) with the internal and spe-
cific primers CVC-1 and 272-2-int (Pooler & Hartung,
1995). The PCR mix for the first reaction was prepared as
follows: 1X buffer (Tris 20 mmol L-1; KCl 50 mmol L-1;
pH 8.4 - Life Technologies); 2 mmol L-1 MgCl
2
; 200 µmol
L-1 of each dNTP; 1U Taq DNA polymerase; 1 µL
(0.5 µmol L-1) of each external primer and 8 µL of sample
DNA for a final volume of 20 µL. PCR conditions were:
1 cycle at 94oC for 2 min, followed by 35 cycles at 94oC
for 1 min, 62oC for 1 min, 72oC for 1,5 min, and then by
one final cycle at 72oC for 5 min. The same mix and con-
ditions were used for the nested-PCR, except that 3 µL
of the first reaction product were used as template for the
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internal primers. Nested-PCR products were visualized by
agarose gel electrophoresis as described for plant samples.
Three positive controls were included in all PCR
assays: (1) cultured cells of X. fastidiosa, and DNA ex-
tracted from (2) infected plants and (3) insects that had pre-
viously fed on infected plants. MiliQ water and DNA ex-
tracted from healthy insects were used as negative controls.
RESULTS AND DISCUSSION
Evaluation of V. condensata and A. virgata as hosts of
X. fastidiosa
In the first experiment, X. fastidiosa was not de-
tected by culture or by PCR in any of the plants of V.
condensata and A. virgata either at one, four, six or 12
months after needle inoculation of the citrus (CVC) or
coffee (CLS) strains of the pathogen (Table 1). In addi-
tion, no symptoms were observed in these plants when
compared to the negative controls. As expected, viable
X. fastidiosa cells were recovered in cultures from C.
sinensis and C. arabica plants (positive controls) inocu-
lated with the citrus and coffee strains, respectively, at
all evaluation dates. At 12 months after inoculation, the
pathogen was detected by PCR and culture in most cit-
rus (70%) and coffee (93.3%) plants. In general, the pro-
portions of infected plants and the concentrations of cul-
tivable cells of X. fastidiosa were higher in coffee than
in citrus, suggesting that the former plant is a better
propagative host for the pathogen. None of the non-in-
oculated (negative control) plants of the four species were
positive for X. fastidiosa (data not shown).
In the second experiment, X. fastidiosa was not
detected by culture from stems and leaves of V. condensata
sampled one centimeter above the inoculated point at seven
or 14 days after inoculation of the citrus strain. In contrast,
the bacterium was successfully cultured from citrus stems
(10%) and leaves (40%) at seven days, and from stems
(20%) at 14 days after inoculation (Table 2).
Tissue homogenates of V. condensata and
A. virgata produced no inhibitory effect on the growth
X. fastidiosa
strain
Plant species
Months after
inoculation
Proportion of infected plantsa log CFU g-1 tissue
(min-max.)PCR Culture
Citrus (CVC)
Citrus sinensis
1 - b 2/10c 5.5
4 - 2/10c 4.2
6 - 4/10 4.3-6.1
12 7/10 7/10 4.4-5.4
Vernonia condensata
1 - 0/20 -
4 - 0/20 -
6 - 0/20 -
12 0/20 0/20 -
Aloysia virgata
1 - 0/5 -
4 - 0/5 -
6 - 0/5 -
12 - 0/5 -
Coffee (CLS)
Coffea arabica
1 5/15 9/15d 5.0-6.3
4 - 15/15 4.5-6.3
6 - 15/15 5.2-6.5
12 14/15 14/15 5.1-6.8
V. condensata
1 - 0/20 -
4 - 0/20 -
6 - 0/20 -
12 0/20 0/20 -
A.  virgata
1 - 0/5 -
4 - 0/5 -
6 - 0/5 -
12 - 0/5 -
Table 1 - Detection of Xylella fastidiosa by PCR and culture in inoculated plants one to twelve months after mechanical inoculation.
aNumber of positive plants for X. fastidiosa on the total inoculated plants; bNot tested; cPooled sampling (2 plants per sample); dPooled
sampling (3 plants per sample).
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of X. fastidiosa on solid medium. Bacterial suspensions
homogenized with either plant species actually had
higher populations of surviving X. fastidiosa after plat-
ing than did the homogenized and non-homogenized
suspensions in PBS alone (P ≤ 0.05) (Table 3).
The lower bacterial numbers recovered in the non-ho-
mogenized treatment might have occurred because
of cell clumping rather than cell death. Similar results
were obtained by Almeida et al. (2001), who observed
higher viability of X. fastidiosa suspensions homog-
enized with citrus tissue than with PBS alone.
The higher survival of X. fastidiosa in the presence of
plant homogenates cannot be explained. The failure to
culture X. fastidiosa in V. condensata and A. virgata
(Tables 1 and 2) probably did not resulted from
inhibitory effect of the plant homogenates on bacterial
growth.
X. fastidiosa has a broad host plant range, al-
though its infection may not always result in visible dis-
ease symptoms (Hopkins & Purcell, 2002). After study-
ing colonization and survival of the PD strain of X.
fastidiosa in different trees and shrubs, Purcell &
Saunders (1999) classified the host plants in different
categories in relation to multiplication (propagative and
non-propagative), movement (systemic and non-sys-
temic) and persistence (pathological and non-pathologi-
cal) of the pathogen. Highly susceptible species such as
California blackberry (Rubus ursinus Cham. & Schltdl.)
and large periwinkle (Vinca major L.) were classified
as propagative, systemic and overwintering hosts. For
other hosts,  such as willows (Salix lasiolepis Benth.),
X. fastidiosa established primary infections that died af-
ter a few weeks without symptom development; these
plants were classified as nonpathological hosts. Based
on these criteria, both V. condensata and A. virgata
would fit in the non-propagative, non-systemic and non-
pathological category. No early (primary) or late infec-
tion of X. fastidiosa could be detected in these plants
by culture or PCR, indicating that they might be immune
to this pathogen. However, only two  strains of X.
fastidiosa (CVC and CLS) were tested in these inocu-
lation experiments. The host range varies among strains
Plant species
Days after
inoculation
Proportion of positive samplesa Log CFU g-1
tissue (min-max)Leaf petiole Stem
Citrus sinensis  7 2/5 1/5 4
 14 0/5 1/5 4
V. condensata  7 0/15 0/15 0
 14 0/15 0/15 0
C. sinensis (negative control)b  7 0/2 0/2 0
 14 0/3 0/3 0
V. condensata  (negative control) b  7 0/5 0/5 0
 14 0/5 0/5 0
Table 2 - Detection by culture of Xylella fastidiosa (citrus strain) in sweet orange, but not in Vernonia condensata at seven
and fourteeen days after mechanical inoculation.
aLeaf petiole and stem samples were taken 1 cm above the inoculated point of each plant and tested by culture; bPlants inoculated only
with phosphate buffered saline.
Replicate
(tube)
Viability of X. fastidiosa (No. CFU per mL) per homogenization treatment
V. condensataa A. virgatab PBS only, homogenizedc PBS only,
Non-homogenizedd
1 1.6 x 106 2.5 x 106 5.3 x 105 2.3 x 105
2 1.8 x 106 1.8 x 106 7.8 x 105 4.6 x 105
3 2.0 x 106 1.9 x 106 4.3 x 105 2.6 x 105
4 1.6 x 106 1.7 x 106 6.9 x 105 1.0 x 105
5 1.7 x 106 2.3 x 106 7.0 x 105 1.1 x 105
6 9.8 x 105 2.3 x 106 5.3 x 105 3.2 x 105
Mean    1.6 x 106 ae    2.1 x 106 a   5.9 x 105 b   2.1 x 105 c
Table 3 - Recovery of Xylella fastidiosa on PWG after homogenization with Vernonia condensata and Aloysia virgata plant
tissues.
aCell suspension homogenized at 20 K rpm with leaf midvein and petiole of V. condensata; bCell suspension homogenized at 20 K rpm
with leaf midvein and petiole of A. virgata; cCell supension homogenized at 20 K rpm without plant tissue; dNon-homogenized cell
suspension; eMeans followed by the same lowercase letter each are not significantly different by Tukey (P = 0.05).
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of the bacterium, and therefore the possibility that other
strains might colonize V. condensata or A. virgata can-
not be excluded. Despite these considerations, V.
condensata and A. virgata can be designated as adequate
hosts to ensure production of healthy sharpshooters for
transmission studies related to CVC and CLS, because
there is no evidence of infection and colonization of
these plants by the citrus and coffee strains of X.
fastidiosa.
Rearing system for production of healthy vectors
The rearing system developed allowed the pro-
duction of healthy adult sharpshooters of various spe-
cies known to be vectors of X. fastidiosa to citrus. Sev-
eral lab-reared individuals of each species [A. citrina
(10), B. xanthophis (24), D. costalimai (69), H. ignorata
(46) and O. facialis (26)] were tested, but none of them
was positive for X. fastidiosa using nested-PCR. Bac-
terial DNA was detected only in samples of individuals
that had been previously exposed to infected plants
(positive controls). These results were expected based
on the information available on transmission mecha-
nisms of the pathogen. Because transovarial transmis-
sion of X. fastidiosa is known not to occur (Freitag,
1951), newly-emerged nymphs will be free of this bac-
terium, unless they feed on infected tissue. In the case
accidental feeding on infected plant occurs, any infec-
tive nymph will lose ability to transmit the pathogen dur-
ing development on plants without X. fastidiosa, because
the foregut-borne inoculum is lost with the old cuticle
after an ecdysis (Purcell & Finlay, 1979; Purcell et al.,
1979).
Based on the results of the inoculation study,
both V. condensata and A. virgata can be used as early
instar hosts which will induce loss of infectivity. How-
ever, V. condensata was used only because previous
studies showed that it allows satisfactory survival of
nymphs of D. costalimai (58%) and O. facialis (78%)
(Milanez et al., 2001). It also permits rapid development
of nymphs of Acrogonia sp. (37.5 days), D. costalimai
(34.2 days) and O. facialis (63 days) at 25oC (Milanez
et al., 2002). These nymphal development periods were
shorter than those reported for these sharpshooters on
C. sinensis (sweet orange) by Paiva et al. (2001) and
Almeida & Lopes (1999) at similar temperatures. In ad-
dition, V. condensata can be easily propagated by stem
cuttings and grows fast (30-60 days) under greenhouse
conditions, with very few pest problems. Aphids are of-
ten observed, but can be eliminated with a selective in-
secticide (e.g. pirimicarb)
Measurement of the developmental (egg-adult)
period was not made but general observations indicated
approximate durations of 40 days for B. xanthophis, and
90 days for O. facialis in this system. Because of the
fluctuating temperatures in the greenhouse, development
was slower during fall and winter (April-August), when
nocturnal temperatures were lower. According to
Milanez et al. (2002), nymphal development is favored
by temperatures in the range of 20-25oC.
Among the sharpshooters, B. xanthophis was
reared with most success. This species readily ovipos-
its in V. condensata and most eclosed nymphs survive
on this host until the adult stage. Because the reared
adults mated and laid eggs on this host, a continuous
supply of healthy adults was obtained for 20 generations
so far. When needed, field supplies of B. xanthophis
adults and nymphs could be easily collected on young
shoots of  the ornamental shrub Duranta repens L.
(“pingo-de-ouro”), which is commonly planted along
sidewalks and gardens. Possibly because of its attrac-
tive green-yellow coloration, this plant is often visited
by B. xanthophis. For the other sharpshooters studied,
the final number of adults produced per rearing cage was
low, despite the fairly large number of first-instar
nymphs that were obtained in the laboratory and trans-
ferred to V. condensata. Milanez et al. (2002) reported
maximum viabilities of 58, 80 and 30% for nymphs of
Acrogonia sp., D. costalimai and O. facialis reared on
V. condensata. By using nursery trees of sweet orange
(C. sinensis) grafted on rangpur lime as rearing hosts,
Paiva et al. (2001) obtained higher survival rates (50-
96%) for nymphs of the same sharpshooter species. In-
terestingly, rangpur lime alone was a preferred host for
oviposition of D. costalimai and O. facialis compared
to V. condensata, but did not allow a reasonable survival
(>25%) of the nymphs (Milanez et al., 2001). Therefore,
in the rearing system used herein, it was decided to use
healthy nursery trees of C. sinensis to improve survival
of 3rd-5th instar nymphs and oviposition by the resulting
adults of A. citrina, D. costalimai, H. ignorata, and O.
facialis.
Insects which feed on xylem sap are in general
polyphagous (Press & Whittacker, 1993). Some species
studied also have an interesting behavior of changing
preferred host plants in the field as seasons change,
probably because of modifications in the physiology
of the host (Purcell, 1976). Because xylem sap is an
extremely diluted diet, sharpshooters have interesting
energetic dilemmas (Novotny & Wilson, 1997),
which make them feed and excrete many times their
body weight everyday (Mittler, 1967). In addition,
these insects are extremely efficient absorbers of
amino acids and other compounds in their diet, using
in most cases up to 99% of the amino acid content
of the xylem sap (Andersen et al., 1989). Because
of these interesting behavioral features, the combination
of V. condensata and citrus in the same cage may
complement each other nutritionally as hosts for
the sharpshooters, and maybe promote mating and egg-
laying.
Non-host plant of X. fastidiosa 675
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